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Diet and Cancer

vidence From Associations of Multiple Primary Cancers in the SEER Program
ARTHUR SCHATZKIN, MD, DRPH,* ANNE BARANOVSKY, MS,t AND LARRY G. KESSLER, ScDt

The occurrence of multiple primary cancers may reflect common etiologic factors. We investigated the
extent to which the diet and cancer hypothesis was supported by data from the Surveillance, Epidemiology,
and End Results (SEER) Program on multiple primary associations. Cancers of the colon/rectum and

gggt_h&l%m prostate in men, and those of the breast, colon/rectum, and uterine corpus in women, were hypothesized
issue: Clinica] a priovi to be diet-related cancers. Of the eight multiple primary associations among diet-related cancers
Cancer 1975 that were possible in men and women, relative risks (RR) of a second diet-related primary cancer developing
elphia: Lea & after a first diet-related primary ranged from 1.06 to 1.43. The lower bound of the 99% confidence intervals
' (CI) for five of these associations exceeded 1.00, and fell between 0.95 and 0.99 for the other three
e-free survival associations. The observed multiple primary associations were compatible with the existence of common
. Multivariate etiologic dietary elements. However, hormonal, immunologic, and medical care factors shared by these
77. ; malignancies must be considered as alternative explanations for these findings.
is: CV Mosty, Cancer 62:1451-1457, 1988.
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the Surveillance, Epidemiology, and End Results (SEER)
Program of the National Cancer Institute (NCI).

Materials and Methods
First Primary Cancers: The SEER Data

We have used data on primary invasive cancers re-
ported by the nine standard population-based registries
of the SEER Program.!? These areas included Connecti-
cut, Hawaii, Jowa, New Mexico, Utah, and the metro-
politan areas of Detroit, Atlanta, Seattle, and San Fran-
cisco-Oakland. First primary cancers were diagnosed from
1973 through 1981, and follow-up continued through
1983. Only cases with follow-up information were in-
cluded. The data set comprises cancers in men and women
of all race and treatment groups, and cancers with and
without microscopic confirmation. The total number of
first primary cancers studied in this analysis was 176,021
among men and 181,064 among women, comprising
427,104 and 653,982 person-years at risk, respectively.

Definition of Multiple Primary Cancers

Two cancers, A and B, are said to be multiple primary
cancers if each arises within the same person but neither
represents a recurrence or metastasis from the other. (A
metastatic lesion is often referred to as a “secondary”
cancer.) A person can have more than two primary can-
cers, and multiple primary cancers can arise within the
same anatomical site. A series of operational definitions
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and rules based on anatomic site, diagnosis date, histologic
type, tumor behavior, and laterality have been formulated
by the SEER staff at the NCI for distinguishing indepen-
dent primary cancers from cases of recurrence or metas-
tasis.!*!? Histologic type is frequently used to distinguish
multiple primaries. A single lesion of more than one his-
tologic type is a single primary site, coded to the highest
cytology. However, multiple lesions of different histologic
types within a single site or in different sites are separate
primaries, whether simultaneous or not. A second lesion
of the same histologic type in the same site as the first
cancer (except bladder) is a separate primary if diagnosed
after 2 months, unless stated as recurrent. For some sites,
such as the colon and rectum, each subcategory is con-
sidered a separate primary (i.e., cecum, transverse colon,
or sigmoid colon).

Investigators of multiple primary cancers have generally
excluded from analysis persons with cancer B as a second
primary cancer relative to initial primary cancer A if B
was found at the same time as or shortly after the time A
was diagnosed. However, because the simultaneous oc-
currence of two or more cancers is consistent with the
hypothesis of common risk factors, we have chosen to
retain those multiple primary cancers. In instances of si-
multaneous diagnosis of two or more primaries, the index
cancer site was based on the cancer with the worst prog-
nosis, furthest extension, or most virulent histologic type.
We did not include in the analysis cancer pairs with both
cancers of the same site {(i.e., breast-breast).

Analytic Approach

The relative risk (RR) of a second primary cancer de-
veloping after a first primary cancer was estimated as the
ratio of observed to expected cases over all available years
of follow-up contained in the SEER registries. The ex-
pected number of cases was determined by applying SEER
age-sex-time-site-specific incidence rates 1o person-years
at risk, using a modification of Monson’s program for
person-years analysis.'® The Monson program estimates
expected cases by explicitly controlling for the age of the
group under examination. Person-years at risk were based
on length of observation from date of diagnosis of the
first primary to date of diagnosis of a second primary of
any site, date of death, date lost to follow-up, or December
31, 1983, whichever came first. Because the discovery of
a second cancer during the same month as the first one
would provide no additional person-years, a fact that
might have inflated RR estimates, we used one half of 1
month as an estimate of person-years of observation for
each such simultaneous “second” primary cancer. (The
simultaneous cancers were a relatively small proportion
of the total multiple primaries.) Byar’s approximation to
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the Poisson distribution was used to calculate 95% ang
99% two-sided confidence intervals (CI) about the RR 17

We also caiculated the observed and expected numbey
of cases for each year after the diagnosis of a first primary
tumor, and graphed the cumulative excess risk (over time)
of the second primary tumor. The final point on these
curves corresponded to the RR described above.

A Priori Designation of Diet-Related Cancers

A list of potentially diet-related cancers was generated
from findings of previous laboratory and/or epidemiologic
studies,’’ in conjunction with suggestions made by re-
searchers in nutrition and epidemiology at the NCI. For
men, the cancer sites selected were the colon/rec-
tum>%!82! and prostate.>%%**23 For women, the sites were
the breast,>%?4% colon/rectum,>®!#-?! and uterine cor-
pus.’>?® We hypothesized that if cancers A and B were
related to common dietary components, then there would
be an excess risk of cancer B for those in which cancer A
initially developed. Conversely, that there would be an
elevated risk of A in those first contracting B.

We readily acknowledge that the evidence in the diet
and cancer area is complex and inconsistent. Some dietary
constituents have been suggested to increase cancer risk
(i.e., dietary fat in cancers of the breast and colon), whereas
other dietary factors have been proposed to protect against
cancer (i.e., dietary fiber in colon cancer), and it is likely
that complex dietary interactions would be involved in
carcinogenesis. However, although etiologic dictary factors
for several cancers may differ, it is possible that some of
these dietary factors will be present together in certain
aggregate diets. For example, diets with relatively high
levels of saturated fat are generally diets with relatively
low levels of dietary fiber and possibly vegetable-based
micronutrients. Therefore, if cancer A were positively as-
sociated with dietary fat and cancer B were inversely re-
lated to dietary fiber, we would expect to see a multiple
primary association between A and B.

The Multiple Comparisons Problem

Because a potentially large number of multiple primary
pairs were to be explored, we were concerned with statis-
tical protection against spuriously significant findings. In
the case of many tests of similar statistical hypotheses
within the same data set, one would expect some asso-
ciations significant at the conventional 5% level to be ran-
dom rather than true associations.? A frequent approach
taken to address this problem is the use of the Bonferront
CL This approach provides the investigator with a chosen
level of Type I (or alpha) error for the entire family of
tests by reducing the rejection region against which each
of the individual null hypotheses is tested.® The statistical
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TaBLE 1. Study Population by Site of Index Case and Sex
Men Women
Persons Persons
ICD-O codes First primary cancer site at risk Person-years at risk Person-years

53, 154 Colon/rectum 40,916 113,789 42,882 126,103
a4 Female breast — —_— 79,553 340,167
79, 182 Uterine corpus — — 26,170 126,720
85 Prostate gland 50,417 174,897 — —_—
62 Trachea, bronchus, lung 59,121 67,364 22,803 32,964
40149, 150, 160, 161,

163, 164.1-165 Other smoking-related sites 25,567 71,054 9656 28,028

ypothesis that most reflected the underlying premise of
is study was that the RR estimates for all diet-related
ultiple primary pairs were significant. In contrast, the
onventional Bonferroni correction is used in an explor-
ory analysis to correct for the occurrence of a spurious
gnificant result, when the hypotheses are grouped within
ypothesis “families.” Rather than provide an explicit
orrection, we studied the RR of second primaries using
both the conventional 95% CI (for each test) and a more
nservative 99% CI estimate. Because we have grouped
¢ significance tests into families defined by presumed
etary agents within sex-specific cancer sites (i.e., colon/
ctum-prostate in men), the more stringent 99% limits
present slightly more conservative family-wise alpha
levels than would have been used under the conventional
Bonferroni adjustment procedure.

Control”” Analysis: Examination of Nonspecific
xplanations

Although common etiologic factors are a plausible ex-
planation for statistically significant multiple primary
cancer associations, alternative explanations can be in-
voked. These include generalized cancer susceptibility,
heightened medical surveillance of persons with an initial
primary, and effects of treatment of the first primary. To
rule out these “nonspecific” explanations, we conducted
a control analysis based on several cancers for which cig-
arette smoke is a well-established etiologic agent. We
studied multiple primary associations between our pu-
tative diet-related cancers and both lung cancer and an
aggregate category of smoking-related cancers that in-
¢luded cancers of the buccal cavity and pharynx, esoph-
agus, and respiratory sites other than the lung. If gener-
alized susceptibility, heightened surveillance, and/or
reatment effects were responsible for multiple primary
ssociations among our diet-related cancers, then we
Wwould expect to see direct associations between diet-re-
ated and smoking-related cancers. Thus, our statistical
typothesis here was that all associations were null. We

[ R L

ICD-O: International Classification of Diseases for Oncology (Geneva: World Health Organization, 1976).

also plotted the cumulative excess RR (over time) for the
diet-related and smoking-related cancer pairs to provide
comparisons with the survival results from pairs of the
purported diet-related cancers.

Data are presented separately for men and women in
Table 1 on the number of persons and person-years at
risk for each of the first primary cancer sites selected.

Results

Figure 1 shows RR for diet-related cancers. The first
primary is listed first in all hyphenated pairs. In men, for
example, colon/rectum~prostate indicates that the first
primary is colorectal cancer and the second primary is
prostate cancer. The wider upper bars and narrower lower
bars represent the 99% and 95% CI, respectively. In gen-
eral, the differences between the two interval estimates
were not large. An elevated RR was evident among men
for colon/rectum-prostate (RR, 1.41). For prostate~co-
lon/rectum, the RR was 1.1 with a 99% CI (range 0.96 to
1.17). (In the text below, only the 99% CI are presented.)

MALES
Colon/rectum-prostate  (739) oyl
Prostate-colon/rectum  (716) ey
FEMALES
Colon/rectum-breast {463} ey
Breast-colon/rectum  (741) ey
Colon/rectum-corpus {140} [
Corpus-colon/rectum (296} L—e—
Breast-corpus  (312) r—o—p!
Corpus-breast  {437) by
) I
08 1.0 2.0 ]
Relative Risk

FIG. 1. RR and CI (99% and 95%) for diet-related cancer pairs. The
number of cases is in parentheses.

nemimiahd law (Titla 17 11 Q Cade)
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MALES
Colon/rectum-lung  (432) byqo—
Lung-colon/rectum  {201) ety
Colon/rectum-oth.smoking  {188) r——o—yp!
Oth.smoking-colon/rectum  {186) I B
Proetate-iung  (666) ey
Lung-prostate (507} oyl
Prostate-oth.amoking  {266) —
Oth smoking-prostats  {325) W——-—
A l 1 1 L l
06 08 1.0 20 4.0
Relative Risk

Fi1G. 2. RR and CI (99% and 95%) for diet/smoking associations. The
number of male cases is in parentheses.

The female sites chosen (breast, colon/rectum, and
uterine corpus) provided six potential pairs for analysis.
RR for four of the pairs were as follows (Fig. 1): colon/
rectum-breast (RR, 1.27), breast-colon/rectum (RR,
1.30), corpus-colon/rectum (RR, 1.43), and corpus-breast
(RR, 1.33). Ninety-nine percent CI for each of these pairs
excluded 1.0. RR for the remaining two pairs reached
borderline significance (colon/rectum-corpus [RR, 1.22:
range, 0.97 to 1.51] and breast—corpus [RR, 1.14; range,
0.98 to 1.32]).

Figures 2 and 3 depict for men and women, respectively,
the RR for various pairs consisting of a diet-related and
a smoking-related cancer. Among men, there were eight
potential pairs (two diet-related cancers considered recip-
rocally with two smoking-related cancers). RR were 2.25
and 1.44, respectively, for lung-prostate and other smok-
ing-related-prostate. Ninety-nine percent CI for these two
pairs excluded 1.0. Smaller elevations in RR were seen

FEMALES
Colon/ractum-iung {168} L
Lung-colon/mctum  {79) e S e o
Colon/rectum-oth.smoking (48} R e S ]
Oth.emoking-colon/rectum  (68) S

Breastfung (368} )

Lung breast (110} s @]
Breast-oth.omoking  (140) Prproccthermyd
Oth.amoking-treset  (97) by

Corpus-ung (137 [ P

Lung-corpus (2 [ e e o ]
Corpus-ath.smoking (24} L S e gl
Oth.smoking-corpus~ {14) L T
L | I
0.2 04 08 08 1.0 20
Relative Risk

FI1G. 3. RR and CI (99% and 95%) for diet/smoking associations. The
number of female cases is in parentheses.

L 4

Cumulative Relative Risk
2.5 A - S
i

0 2 4 6 8 10
Years After Diagnosis of First Cancer

e ColgnsRent Prostata T LUt Prostale

F1G. 4. Cumulative RR over time since diagnosis of first primary cancer
for colon/rectum-prostate and colon/rectum-lung cancer in men.

for the following three additional pairs among men: lung-
colon/rectum (RR, 1.26; range, 1.04 to 1.50), colon/rec
tum-other smoking-related (RR, 1.21; range, 0.99 to |
1.45), and other smoking-related-colon/rectum (RR,
1.16; range, 0.95 to 1.40)., The remaining three diet-
smoking pairs showed minimal or no association.

For women, there were 12 potential diet-related/smok-
ing-related pairs. Increased RR, with the CI excluding
1.0, were seen for the following four pairs: colon/rectum-
lung (RR, 1.21), and other smoking-related-breast {RR,
1.42). RR were elevated for the following three pairs, but
the lower boundary of the CI was at or very near 1.0
other smoking-related-colon/rectum (RR, 1.45; range,
1.03 to 1.97), lung-breast (RR, 1.32; range, 1.02 to 1.68),
and breast-other smoking-related (RR, 1.25; range, 1.00
to 1.535). Negligible associations were evident for the other
five pairs.

Because both dietary factors and smoking have been
suggested to play a role in the etiology of cancer of the
pancreas,®'~** we studied pancreatic cancer separately |
from the other potentially diet-related and smoking-re
lated cancers. Because the survival time for cancer of the
pancreas as a first cancer is extremely short (5-year relative |
survival rate [2.7%]),* the reduction in risk-time for the }
development of a possible second cancer would have been
too great for generation of meaningful results. Therefore,
we looked at pancreatic cancer only as a subsequent site
in relation to the hypothesized diet-related and smoking-
related cancers. RR were slightly elevated in both men
and women for pancreatic cancer after diet-related can-
cers, but only associations for prostate-pancreas cancers |
in men (RR, 1.17; range, 0.94 to 1.45) and corpus-pan-
creas cancers in women (RR, 1.35; range, 0.91 to 1.92)
attained even marginal significance. The risk elevations -
for pancreatic cancer after smoking-related cancers were g
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enerally higher than those for pancreatic cancer after diet-
ated cancers. The RR estimate for lung-pancreas cancer
men was 1.58 (range, 1.06 to 2.25) and in women 2.86
range, 1.65 t0 4.60).

The results of the survival analyses indicated that the
sk of a second primary tumor was greatest at the time
f or shortly after diagnosis of the first primary. Figures
and 5 illustrate this. In Figure 4, we see that the RR for
second primary) prostate cancer at or within the first year
f diagnosis of (first primary) colorectal cancer was ap-
roximately 2 and dropped to approximately 1.4 by the
nd of the follow-up period. We also see here that the
olon/rectum-—prostate RR remained considerably greater
an the colon/rectum-lung RR (over time). In Figure §,
¢ again see a drop in the RR for (second primary) co-
rectal cancer shortly after diagnosis of (first primary)
terine corpus cancer. The corpus—colon/rectum RR also
mained larger than the corpus-lung RR for the duration
fthe follow-up period.

Results from survival analyses of the other diet-related/
et-related and diet-refated/smoking-related pairs did not
iffer qualitatively from the RR estimates presented in
igures 1, 2, and 3 (which represent the final data point
n the survival curves, as in Figures 4 and 5, for each of
e multiple primary pairs).

Y

Discussion

Because data on specific exposures are lacking in this
nd similar studies of multiple primary cancer associa-
ons, support for a given etiologic hypothesis is necessarily
direct. The clustering of multiple primary associations
mong cancers of the lung, mouth, esophagus, pancreas,
ladder, kidney, and, for women, cervix, supports a com-
on etiology for these tumors. Several decades of epi-
emiologic and laboratory studies show that cigarette
moking is a common causal factor for these cancers, and
moking becomes the most likely explanation for the ob-
rved multiple primary associations.
The picture that has emerged from previous investi-
ations of diet and cancer is less clear than that emerging
om the smoking and cancer studies. This is due, in part,
the fact that the diet is complex and difficult to measure
curately. Our goal in this study was simply to determine
the multiple primary cancer data were compatible with
common dietary etiology for certain cancers in men and
omen. We concluded that the observed multiple primary
ssociations for those cancers specified a priori as poten-
ally diet-related were generally consistent with the notion
f common dietary risk factors. Both of the associations
mong men and all six of the associations among women
ere significant or marginally significant at the 99% CI.
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¥ Corpus Colon/Rectum —— Corpus-Lurg

FiG. 5. Cumulative RR over time since diagnosis of first primary cancer
for corpus—~colon/rectum and corpus-lung cancers in women.

We note, however, that the magnitudes of the RR in these
associations were not large, unlike the smoking-related
associations.

Although these data do support the common dietary
factor hypothesis, it is clearly possibie that other common
exposures underlie the observed multiple primary asso-
ciations. There may be common hormonal processes at
work here. Endocrine factors are likely to play a role in
cancers of the breast and uterine corpus in women.?’#?
Laboratory investigations of colonic carcinogenesis have
suggested a role for sex hormones,*® and epidemiologic
associations between colon cancer and various reproduc-
tive risk factors in women have been reported.** Hor-
monal factors in men have been implicated in prostate
carcinogenesis.”” We note, however, that diet may mediate
endocrine processes in complex ways, and recent evidence
suggests that the hormonal milieu is indeed influenced by
the intake of certain dietary constituents.*>™!

Our control analysis of multiple primary associations
between our predesignated diet-related cancers and can-
cers known to be smoking-related was intended to explore
the specificity of the diet-related associations. The absence
of multiple primary associations between the diet-related
and smoking-related cancers would have argued against
such nonspecific explanations as increased cancer suscep-
tibility or heightened tumor surveillance (after a first pri-
mary cancer), or consequences of treatment of the first
primary malignancy. However, five of eight potential diet/
smoking pairs in men and eight of 16 pairs in women
were significant or marginally significant. Although the
diet/smoking multiple primary associations were not as
consistent here as they have been reported to be among
strictly smoking-related cancers® or as they were among
our putative diet-related cancers, we cannot conclude that
the diet/smoking associations all were null.




1456

A role for heightened medical surveillance would cer-
tainly seem to be supported by the fact, demonstrated in
the survival analyses, that the excess risk of a second pri-
mary diet-related tumor was greatest at or shortly after
the time of diagnosis of a first primary diet-related ma-
lignancy. Moreover, the lack of excess risk (and, in fact,
a nonsignificant reduced risk) of second primary corpus
cancer after first primary lung or other smoking-related
cancer could be explained on the basis of an antiestrogenic
effect of smoking®? rather than the absence of, for example,
heightened medical surveillance. Thus, on the basis of the
diet/smoking associations, we cannot rule out such non-
specific explanations as increased cancer susceptibility,
medical vigilance, and/or treatment effects after a primary
cancer.

We should note, however, that the diet/smoking results
are not incompatible with the concept of common dietary
etiology, in that cigarette smoking is associated with cer-
tain dietary patterns. Smoking has been shown, in a num-
ber of studies, to be directly related to dietary intake of
saturated fat, in both grams per day and as a percentage
of total energy.*® Therefore, if dietary fat were related to
colon cancer, one might see a multiple primary association
between colon/rectum and lung cancers.

In summary, this study demonstrates multiple primary
associations among cancers hypothesized to be diet-re-
lated. Although alternative phenomena (i.e., intensified
medical surveillance) may account for part or even all of
these findings, these associations may reflect common di-
etary risk factors operating independently or in conjunc-
tion with endocrine processes or other exposures.
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